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Project Background

Construction of Willits Bypass project, a new s

U.S. Highway 101 to improve traffic circulation

Numerous mitigation components (onsite vs offsi



Highway Relocation



Project Objectives

Provide RWQCB with baseline conditions

Assess changes in stream ecosystems as result of p

construction and mitigation activities

Assess changes to biological integrity of streams und

project’s mitigation and monitoring program





Watershed Characteristics

Drainage basin 67 sq miles (43,063 acres)

named streams in project area!

Former lacustrine setting

Intermittent/ephemeral



Outlet Creek b
w/in Little Lake



Many flow patterns

Many channels

Former lake



March 26, 2011



wet spring



wet spring



1956

2005



Lower Davis Creek

Haehl
Baechtel Creek 



PHAB Data

Standard methods

WQ

Reach conditions

Slope

RBP habitat parameters

Main/inner transects  



Bioassessment Site 
Locations









PHAB Results

Typical low-gradient (< 1%) valley 

floor streams that flow through 

depositional substrates

Highly channelized/incised

Fine substrates and homogenous 

habitats (plane-bed)



PHAB Results

Grazing…sediment easily 

mobilized

Riparian veg cover varies but 

generally high

RBP habitat parameter scores 

generally low

“Flashy” regime



Lower Outlet Creek 2010 ����
2012 ����



PHAB Results and Canopy Cover Task



PHAB Results and Canopy Cover Task

Riparian veg cover varies but 

generally high (densiometer)

Riparian veg cover varies but 

generally high (solar pathfinder)

SWAMP WORKS

Lower B



PHAB Results and Geomorphology Task

Substrate composition and 

embeddedness

Bankfull width and depth

Slope

Sinuosity

SWAMP WORKS

Wild Oat Can



Creek





Methods

Field Collections

23 Reaches on Eight Non-Perennial Streams Surveyed in 201

- Spring and Summer Survey Periods

SWAMP Protocols – BMI (Ode 2007)

- Reach Adjustments/Non-Wadeable Habitats

- PHAB 

SWAMP Protocols – Algae (Fetscher, et al 2010)

Laboratory Processing

ECORP Laboratory/EcoAnalysts

QA/QC

CDFG – Chico Laboratory



Methods

SWAMP Database Input

Data Analyses

BMI

- Selection of Appropriate B-IBI(s) – Nor-Cal? / So-Cal?

- Use of Selected Un-Modified Community Metrics
(Based on initial summer results)

• SDI, Simpson Index • % Dominant Taxa

• % Diptera • % Chironomidae

• % Oligochaetes • Tolerance Value

• Tolerance Indices • Functional Feeding Groups



Methods

Algae

- Selection of Analysis Tools

- Use of Selected Metrics (Based on Initial Summer Data Results)
– Community Composition :  Soft Bodied Algae vs. Diatoms

– Quantitative Diatom Metrics 

• SDI

• % Dominant Taxa

• % Pollution Tolerant (Based on Pollution Class)

• % Motile (Siltation Index)

• Eutraphentic Species (Based on Trophic Class)

– Chlorophyll a and AFDM

– Quantitative Soft-Bodied Algal Collections

– Qualitative Collections



Results/Discussion

PHAB - BMI - Algae

Reaches and Seasons Surveyed and Evaluated

23 Reaches in Spring (wet)

16 Reaches in Both Summers (wet)

- PHAB Data Only Collected at Dry Sites

Selected Results for 6 Reaches on 5 Non-Perennial Streams

Baechtel Creek / Outlet Creek, Old Outlet Creek, Davis Creek, Upp Cree

Representative of Range of:

- Stream Habitats

- Channel Characteristics / PHAB 

- Potential Sources of Effects on Habitat and Biota

- Utilization by Anadromous Salmonids



Baechtel Creek

Outlet Creek

Old Outlet Creek

Upp Creek

Davis Creek



Results/Discussion

Results Presented by Reach

Comparison of PHAB, BMI, and Algae

BMI Data Provided for:

- B-IBIs

– Nor-Cal 

– So-Cal 

- Selected Un-Modified Metrics:

– SDI

– % Dominant Taxa / % Chironomidae / % Oligochaeta

– Tolerance Value

– Tolerance Indices



Results/Discussion

Algal Data Provided for:

Quantitative Diatoms (metrics based on initial summer sampling re

– SDI

– % Dominant Taxa

– % Motile / % Eutraphentic

– % Pollution Tolerant

Quantitative Soft-Bodied Algae

– % of community

Chlorophyll a



Results/Discussion

Diatoms

- Valuable indicators of stream ecosystem conditions

- Respond quickly and predictably to changes in stream chemistry a
habitat quality

- Species’ sensitivities and tolerances to environmental conditions a
consistently and reliably related to gradients of human disturbance

- Taxonomically diverse and geographically ubiquitous

- Sensitive to substratum conditions and pollutants

- Excellent indicators of water quality conditions, sensitive to:

– Nutrient and organic enrichment – Nitrogen / Phosphorus

– Water temperature, conductivity 

– Water velocity

– Dissolved oxygen, pH, and more



Results/Discussion

Baechtel Creek (Reach BA-4)

Migration Corridor for

Anadromous Salmonids 

Adjacent to Horse Pasture,

City Corporate Yard



Baechtel Creek (BA-4)

Habitat/Flow BMI - Summer 2010 2011 Algae - Summer

Dominant substrates: Nor-Cal B-IBI  42 48 Diversity: high 2010, moderately

coarse gravel / sand So-Cal B-IBI 43 46 Dominant Taxon: Nitzschia incon

Dominant habitat: Both IBIs in 'Fair Condition' Motile species: 57% 

Dominant Taxa: Sigara sp./Gumaga sp. (caddisfly) 40% Eutraphentic species: 80% 

2010 Low SDI / high Simpson's Index % Pollution Tolerant species: low

2011 Higher SDI / increased TR  

Tolerant Organisms: ~ 25% both summers

Habitat/Flow BMI - Spring 2011 Algae - Spring

Dominant substrates: Nor-Cal B-IBI  58 Diversity: moderately low

coarse gravel / sand So-Cal B-IBI 59 Dominant Taxa: Nitzschia sp. 65

Both IBIs in upper 'Fair Condition' Motile species: > 90%

Co-Dominant Taxa: Eutraphentic species: 50%

Unidentified stonefly 24% and Unidentified mayfly 14% % Pollution Tolerant species: low

Increased SDI – more balanced community

Tolerant Taxa 15%, Intolerant Taxa 28%



Results/Discussion

Outlet Creek (Reach BA-7)

Migration Corridor for

Anadromous Salmonids

Adjacent to City of Willits

Wastewater Treatment

Facility and Outfall



Outlet Creek (BA-7)

Habitat/Flow BMI - Summer 2010 2011 Algae - Summer

Dominant substrates: Nor-Cal B-IBI  30 40 Diversity: High 2010, moderately low 

fine / coarse gravel So-Cal B-IBI 37 43 2010 Dominant Taxa: Nitzschia sp. 

Dominant habitat: IBIs 'Poor Condition' 2010, 'Fair Condition' 2011 2010 Motile species: 50%, eutraphen

Dominant Taxa: 2011 Dominant Taxon: Nitzschia incon

Flow:< 0.5 cfs & 1 cfs 2010 Chironomidae 81%, Micropsectra /Tanytarsus sp. 2011 Motile species: 60%, eutraphen

2011 Chironomidae 43%, Oligochaeta /Tanytarsus sp. % Pollution Tolerant species: low

SDI high 2010, decreased value in 2011

Habitat/Flow BMI - Spring 2011 Algae - Spring

Dominant substrates: Nor-Cal B-IBI  41 Diversity: high and fairly evenly distrib

fine / coarse gravel So-Cal B-IBI 53 Co-Dominant Taxa: 

IBI in 'Fair Condition'  Nitzschia inconspicua & 3 species of 

Dominant Taxa: Motile species: 60%, eutraphentic spe

Oligochaeta  57%, Chironomidae 23% % Pollution Tolerant species: >8%, h

Low SDI Chlorophyll a: highest value (128 mg/



Results/Discussion

Outlet Creek (Reach BA-14)

Migration Corridor for

Anadromous Salmonids

Adjacent to Pasture Land/

Cattle Grazing (cattle not 

excluded from stream) 



Outlet Creek (BA-14)

Habitat/Flow BMI - Summer 2010 2011 Algae - Summer

Dominant substrates: Nor-Cal B-IBI  32 19 Diversity: Moderate - high 2010, m

mixed gravel / hardpan So-Cal B-IBI 37 23 2010 Dominant Taxa: 

Dominant habitat: IBI in 'Poor Condition' ~20% non-motile and motile spec

2010 Rep 2 for SoCal IBI in 'Fair Condition' 2010 Motile species: 45%, eutrap

Flow:< 0.25 cfs - < 1 cfs Dominant Taxa: 2010 % Pollution Tolerant species

2010 Oligochaeta 33% 2011 Dominant Taxa: Nitzschia inc

2010 Chironomidae 42% of community 2011 Motile species: 80%, eutrap

2011 Chironomidae 54% of community 2011 % Pollution Tolerant species

SDI moderately low in both summers Chlorophyll a slightly elevated (77

Habitat/Flow BMI - Spring 2011 Algae - Spring

Dominant substrates: Nor-Cal B-IBI  45 Diversity: high and evenly distribu

fine gravel / hardpan So-Cal B-IBI 54 Dominant Taxon: Navicula antonii

IBI in 'Fair Condition' Motile species: 60%, eutraphentic

Dominant Taxa: Oligochaeta 57%, Chironomidae 11% % Pollution Tolerant species: 8%

SDI low - decreased from summer values Chlorophyll a slightly elevated (56



Results/Discussion

Old Outlet Creek (Reach BA-18)

Salmonids not Observed

Adjacent to Pasture Land/

Cattle Grazing (cattle not 

excluded from stream)



Old Outlet Creek (BA-18)

Habitat/Flow BMI - Summer 2010 2011 Algae - Summer

Dominant substrates: Nor-Cal B-IBI  24 19 Diversity: High in 2010, moderate in

So-Cal B-IBI 29 20 Co-Dominant Taxa: Navicula sp. and

Dominant habitat: IBIs in 'Poor Condition‘ 2010, ‘Very Poor’ 2011 Motile species: 50%; eutraphentic s

Dominant Taxa: % Pollution Tolerant species: low

2010 Chironomidae 83%, Tanytarsus sp. 

2011 Chironomidae 75%, Tanytarsus sp. 

Oligochaeta ~ 15% both summers

Habitat/Flow BMI - Spring 2011 Algae - Spring

Dominant substrates: Nor-Cal B-IBI  11 Diversity: Moderate 

Sand and hardpan So-Cal B-IBI 16 Dominant Taxon: Nitzschia inconspic

Flow: 5 cfs (delayed sampling) IBIs in 'Poor Condition' Motile species: 77%; eutraphentic s

Dominant Taxa: % Pollution Tolerant species: low

Chironomidae 73%, Tanytarsus sp. Chlorophyll a slightly elevated (28.8

Lowest Taxa Richness, highest Simpson's Index 



Results/Discussion

Davis Creek (Reach BA-19)

Migration Corridor for

Anadromous Salmonids

Within Cattle Ranch (cattle

not excluded from stream)



Davis Creek (BA-19)

Habitat/Flow BMI - Summer 2010 2011 Algae - Summer

Dominant substrates: Nor-Cal B-IBI  54 59 Diversity: Moderate to high, relatively ev

So-Cal B-IBI 76 79 2010 Dominant Taxa: Achnanthes minut

Dominant habitat: glide IBIs 'Fair Condition' and 'Good Condition' 2010 Motile species : 33%, eutraphentic

Dominant Taxa: Chironomidae 47% - 50% 2011 Dominant Taxa: Rhoicosphenia abb

Similar SDI, Simpson's Index 2011 Motile species: 34%, eutraphentic 

% Pollution Tolerant species: low both s

Habitat/Flow BMI - Spring 2011 Algae - Spring

Dominant substrates: Nor-Cal B-IBI  63 Diversity: Moderately high

So-Cal B-IBI 76 Dominant Taxa: Nitzschia inconspicua 28

IBIs in 'Good Condition'  Motile  species: 55%, eutraphentic spec

Dominant Taxa: Unidentified mayfly 34% % Pollution Tolerant species: low

Chironomidae < 1%



Results/Discussion

Upp Creek (Reach BA-12)

Migration Corridor/Rearing/

Spawning(?) for Anadromous

Salmonids

Adjacent to Pasture Land/

Cattle and Horse Grazing



Upp Creek (BA-12)

Habitat/Flow BMI - Spring 2011 Algae - Spring

Dominant substrates: Nor-Cal B-IBI  56 Diversity: Moderately low, uneven d

coarse/fine gravels and hardpan So-Cal B-IBI 70 Dominate Taxon: R. abbreviata 36%

Dominant habitat: IBIs in 'Fair Condition' and 'Good Condition' Motile species: 13%: eutraphentic s

pool, riffle and glide Dominant Taxa: Oligochaeta 19% % Pollution Tolerant species: low

Mayfly taxa: 33% of community Chlorophyll a: low

Moderate SDI, most balanced community



Benthic Macroinvertebrates



Indices of Biological Integrity
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Shannon Diversity Index
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ominant Taxa, Oligochaeta and Chironomidae

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

S
u

m
m

e
r

2
0

1
0

S
p

ri
n

g

2
0

1
1

S
u

m
m

e
r

2
0

1
1

S
u

m
m

e
r

2
0

1
0

S
p

ri
n

g

2
0

1
1

S
u

m
m

e
r

2
0

1
1

S
u

m
m

e
r

2
0

1
0

S
p

ri
n

g

2
0

1
1

S
u

m
m

e
r

2
0

1
1

S
u

m
m

e
r

2
0

1
0

S
p

ri
n

g

2
0

1
1

S
u

m
m

e
r

2
0

1
1

S
u

m
m

e
r

2
0

1
0

S
p

ri
n

g

2
0

1
1

 

S
u

m
m

e
r

2
0

1
1

Baechtel Creek BA-4 Outlet Creek BA-7 Outlet Creek BA-14 Old Outlet Creek BA-18 Davis Creek BA-19 

Percent Dominant Taxa Percent Oligochaeta Percent Chironomidae



Tolerance Value
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Tolerance Indices
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Freshwater Algae

; B. Navicula; C. Nitzschia; and D. Rossithidium



Diatom Shannon Diversity Index*

Based on 600 count
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Diatom Percent Dominant Taxon*

Based on 600 count
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ercent Motile and Percent Eutraphentic Diatoms

Based on 600 count
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Percent Pollution Tolerant Diatoms*

Based on 600 count
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Chlorophyll a values*

< 75 mg/m2 = unenriched (Lohman, et. al., 1992)

>100 mg/m2  = moderately enriched (Tetra Tech, 2006)
>150 mg/m2  = highly enriched
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Quantitative Soft-Bodied Algae Sample Results

Based on 300 count
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Summary

During summer, substrate composition, streamflow pattern, and

input were the primary characteristics influencing benthic communitie

Substrates composed primarily of fine gravel, sand, fines

her summer 2011 flows = improved community metrics relative to summ
2010, except for reaches with active grazing

So-Cal B-IBI appeared to better represent seasonal benthic communities:   in

of non-perennial streams, Percent Tolerant Taxa metric (high at most reache

Nor-Cal and So-Cal B-IBIs more similar at reaches with singular habitat type 

glide), increased flows, low-velocities

Un-modified metrics provided additional information relative to community 

composition not reflected in the IBIs, non-distinct taxa excluded



Summary

Algae (summer)

Diatoms dominated most communities

Most reaches dominated by tolerant taxa adapted to unfavorable conditions

Reaches with easily mobilized substrates dominated by motile diatom genera

- Associated with degraded stream conditions & poor water quality

Reaches with coarser substrates had higher % of non-motile taxa

Reaches with nutrient input (livestock grazing, wastewater treatment facility o

high % of eutraphentic diatoms

Pollution Tolerant species present at many reaches – generally lower % in su

Soft-bodied algae – low TR, low #s – species tolerant of degraded conditions

Chlorophyll a values generally highest at most reaches during summer 2011 

associated with increased nutrient input during spring runoff  



Summary

During spring, increased streamflow (relative to both summers),   

substrate mobility, and water quality - appear to be the primary 

characteristics influencing benthic communities

Both B-IBI values generally improved

Substantial increases in Percent Intolerant Organisms

Percent Tolerant Organisms generally decreased 

SDI values at reaches downstream of nutrient input areas were lower th
summer values

Chironomids decreased / oligochaetes increased at most reaches

Un-modified metrics provided additional information relative to commun
composition not reflected in B-IBIs



Summary

Algae (spring)

Diatoms dominated communities at all reaches 

Percent Motile species variable, lowest values recorded at some r

Percent Dominant Taxa values variable relative to summer

Percent eutraphentic diatoms generally elevated at most reaches

Highest Chlorophyll a values recorded at most reaches, some valu

elevated

Soft-bodied algae more numerous, Taxa Richness similar to summ
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